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(57) Abstract 

Compounds represented by general formula (I) or salts thereof and a process for producing the same wherein R 1 represents carboxy 
or carboxamide; R 2 represents hydrogen or lower alkyl, or R 2 may be bonded to R 3 or R 4 to thereby form a ring; R 3 and R 4 
represent each hydrogen, lower alkyl or sulfide, or R 3 and R 4 may be bonded to each other to thereby form a ring; R 5 represents 
substituted phenyl or substituted sulfonyl represented by general formula (III): -S0 2 -R 7 (wherein R 7 represents aryl or amino); and n is 0 
or 1 . Because of having the effect of inhibiting cysteine protease, the compounds are useful as a preventive or remedy for variousdiseases in 
which cysteine protease participates, for example, ischemic diseases, inflammation, muscular dystrophy, immunologic diseases, essential 
hypertension, Alzheimer's disease, subarachnoidal bleeding, osteoporosis, etc. 
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W ^ -^n -rr- -If Rfi»jUBii-*o 

-cWh frizz tLx^zote, «fM6S<7)^S, yox-<>4r^--ifC^O/Fr& 

TiiilfiL, 7^7^^-^ JtlfiLlifc^B, ffiy7FD7>f-, 6 1*3 HE, JliL/htRISi*, 

#««^^OJ8lt&1ii^gL^OB84-**^$*LTV^ 0 [Trends in 
Pharmacological Sciences, 15^, 412 H (199430 ] o 

(Mf 1 - 5 4 3 4 8, #F*PS5 5- 1 5 3 7 7 8^) , ^7°^ K7^fH K 
(#2rBS 4 5 - 1 7 1 5 4 , #<2rBg 4 6 -2 2 0 1 2^) , ^7°^- n ? 
ym^W (#<£¥6 - 2 9 2 2 9) , ^fK^DtK7y Kg*** [Eur. J. Med. 
Chem., 28^, 297-311 M (1993^) ] ^o^y^ K^f^S tiTv^ 0 v^x-f 
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rmmtt- (#§9^6 - 2 8 7 1 6 7) . «-f1- Kv>TW 9 >mm& (Biochem. J. , 
253, 751-758 (198830 , J. Med. Chem. , 35 216-220 M (199250 ] , ^ 
-f*-V 9 JAn,7 4 K^S# (Chem. Lett., 191-194W (199030 ) ^o^y-f- h*m 

<7)m. >mmfc (wo 9 2/1 1 8 5 0) , kp- 1 2 4 1 (#$§¥6 

-4 1 0 6 7) m<0&'*'7*-h*mt&lgBi>n&2tL'C\,->& 0 Ztz, Af^VLiJ: 
tTBORaSftUHfr^f-r* tot LT, T^l/xt Kg|^# (#§g^F7- 1 0 1 9 2 4) 
x#+yn;N^tl|# 104683, WO 95X32954) 



aft^ftV^-r-f ^rn^r— *fR&#»tt*WL, *»o, Mitigtttz 
(I) *i* »v*->*-r>f >rnx7-« IflE 
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U * tzR 1 tR i \mftLXm* : l&J&LX i> «fc < , R 5 ti;& (II) 



ttzltft. (Ill) 



-e^^$tL^gm^;i/^^;^ (^^x R 7 i±iS:m.T ^^-^rnxm^tix^x & 
ttz, *5&wi±±.mit'&VD*&mLx%2>mm. zhKmmuz±Mit&%d*^m 

fl£5$; (I) R'Tf ^tl^x^fM^ilt^rtii^^^y^Ii: 

■/otH^tv, ^vyn^y, 7*h*v, 'fvr^y, sec— "7* h 3r vi3 J: Zf tert 
R'xmZti&W&ZtLX^Xk iv^j^t^ FOfgg^^t LTf±, tKn^r 

R^^^^T;^^^ LTti, 1 ~ 6 tf> L < ^i5^•;K#i<7>7';^ 

*;^»^ ^L<iiKftl~4 07;^;H, JM$iftKi±, >^;k n- 




S0 2 -R 7 



(III) 
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:Tnif;K ^fvyDtX n-T^K 'fV'/fJK sec-7^-;K tert-T^K n 

*v;K 4->-^;u^>^;k l , l - f-^-r-^K 2 , 2 - f-^f^-j^^ 3 , 
3-v>^;U"7**-;K 2 -^;1/^;u^*W£*l& 0 L < li> *3Rifci±* 

1 ~6<£>UjH L< W^MfcROT^*;^ ^flcWfctt, xffl,, n -y D 

'fV/ntX n-T^K ^V7f;K sec-7^;K tert-T^K n -^? 
^v^>f;v, *;*-^>^-;K tert — n-A+y;K 4-^-^;i^ 
1, l-^f-^f-^, 2, 2-v^^;i/-r^-;i/ x 3,3-y^^-;i/r^ 

tii7H^ft7H^ *f*LOd\ Ci~C4T;i/^;u^-^Ci~C4T^^;u 
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h*v, sec-'T'h + v, tert-^ h * Is&lfi&ifb iXZ> 0 

(III) "C^$*L&ttJft^;u*^;i/afeogEiS*liO^^ N R 7 -^£*i£fg:j&7;i/ 

5£ (III) -C^$^4«3ftX;u*-;uafeo»«|ftafeo-5^, R 7 -Ctf£ *ta 7 < J £ 

Syatfcfi&Lfcfc^ ^W^y, y^f;V7<y, xf^7^, 

yifA'T^y, ynn°;U7<y, vVDt>75y, ^7^nt>7?y, v<Y V 
yntf;W7^y x -Tf-frTXS^ '5 ; , n^x* y;u7 ^ t, 
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w*L<« fctx.is, mmi&mtcD^ mmmt(Dm, mmt<o^ mmm 
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'J>^, > * ^>-tf>*;u*>^ N p - h ;u 
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"CUt, -«gS; (IV) -C*bS*i*4b£-» (&T\ ft-&«»(IV)4:SBtt-r4itfcab4 0 ) 
fc>$*i<Mb^ C&T, il&to (V) i:ia«?-£C:<!: ) Sfctt^oafctegl 

few. mwMw-m. [£.tt&m&mmi\ . B^it^m.M^it^mK.mi^ \ 
*ttvttem. \&mt¥tgmm\\ , u**kit^M. %-%iV£m\. i987^;» 
rfMJK n^t^aiffi 22 ivj , B^t^m. %w&$: 

r;i/*;uv >at, 7x-;wjv| > v"7^^;u'j>^. ^v^y>s, ad^> 
;v tT 9 V - ;k h'J7 v*- H/;lifh7 V- jft*£»f ft £ 0 fiM&f £ j. 7. 7- ^ 
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P -— "7 ol — ;i/^^-Jc^-r;i/ % p — ^ U v?;1/^^-jc^t-;u n # jutf* -> 
fcfiN, N- f JH; Kn* vT < 1 - Ko^y- 2 - ( 1 H) -tf'JK> % 

(IV) iJi^f O^ttiiftojtfjg^^i: Lt(±, TttxJjf. tF'J^Al, 

\t*m (v) <^r^ smz&nzftMKKm&wmtet ltw\ it&m (v) 

h\ ^ h o J: •) ^ * t OSSC «t o t S •> 7 7Si 

SK < ^i^rlixf 5 ^ 7^{i. ft-friftr (V) t tf * ( h V ^;^> 

ffc-g-tf ( v ) t =mt v > £ t± * r > t oKJfcfc «t o -c -5, ft%#3:4»££t ? 

3^Sfcffi % W^lftBL * * ^>-t*>x;i/^>^ x 

ffc-k* (IV) t (V) ORlEt±a# % tK, titk.\£. **y-;K -x?y-,M§^ 
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N' - *^*'y^f^ K> N, N' - «;.x.*-;i/a 

K % N, N' — v^f yfu \£ )V ij )V t£ i? 4 ^ h\ N-^^^-N'- (3- 
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^t'^^^k^^^^tcov^-cism-r^o *5tm<D— is&t en xm&-£ 

^-*;^nM> (^*9«f-r^^tt«l) OfSttfi^M [ Anal. Biochem. . 208 
387-392 Jt (199330 ] IZtmZftttmzmCXMJzLtZo EP*>, 0.5 mg/ml 
#-tff>> 50 mM Tris-HCl (pH 7.4) , 20 mM y^tXUJ f*-;K 4 mM 

A^^tf^^tt^<75^jg<75^ii^^tfv^^;u^;u^^-> h'm?6L 2.5 ^ l 

t 0.03 mmmz ,a-#ji^^>£&u K&*mi&Lfz 0 m&mmiz 250 M it 

Lfz 0 30V, 60 RJfciQL 100 ^1 ^SUo#^{z^L^ ffli^Tfc 50 

fi\ t 50% y ) T > b 7fr—%§-}& 100 ^1 15 ^-H#g 

Lfc&, 595 nm tC4$»t *«btJK*iffl3i&Lyi:o tti^J ^v^y^f ;u^;^^y 
K»a 2.5 ^l^r^SPL, mmz$imLfzimi1zLtzi><D*ziy h n-;WI, 4 mM 
^t*;u->^A^c»jfl[Oft*>0H 0. 2 mM EDTA fcife&nLfcfcO*:^ >*ffit U 

5 (^RMfK&R&i (ICso) »/;o ^Mi:iiy^f'f>7 , nr7-tfi: 
LX®.%}<Dit&®}X~*>Z> E 6 4 Lfco 

m** (%) = (, «g«-^=-»« 

i3T-7yy\.mnKK<nm<£fr 

[Methods in Enzymology, 80^, 535-561 W (198150 ] H|Ett$*L7t^fttCi» C. 
TillJ^L/Co IP*,. 85 mM WrWmmWL (pH 5.5) , 2mM h-;K 1 

mM EDTA, 2 #-r-/v>L, «*<7>«jK<7>ttt*Slfc'g-tf»«K: 20^ M 



J X 1 0 0 



12 



WO 97/03060 



PCT/JP96/01884 



Carbobenzoxy-L-Pheny 1 a 1 any 1 -L-Arg i n i ne-4-Methy 1 -Coumary 1 -7-Am i de (Z-Phe-Arg- 
MCA) £«U g&-*£i& 200 (j. 1 t LXRfc*ffl%il,tz 0 30V, 20 0*MRJc.$-£ 
tzm, 1M Tris-HCl (pH 8.0) £ 20 M 1 2nxTKJ&*#jLS-£;to 3!l«Lfc4- 
^fJl'- 7 - 7 ? ^ v 'j >«14:^»^1 ^T, mm®L& 360 nou Sftfcjfc 
ft 450 nm-CilO^L^o ^^»-e|WJ^^M L^mSfl^ Lfz & ct>£ a > h o- 
JHIlL »*tea*intf><>ofc:/7>*te*: L> ±fEfcF3«K I Cso *:fca&fc 0 ftfiglgift 
Kf4E 6 4 fcffiJBLfco 

(*>^tt«i) Wfi&ttJiXltt [Anal. Biochem., 208^, 387- 392 H (1993^) ] 
KtSMZtUz-ftmzmCXmfeLfco I0*», 0.5 mg/ml #-tM 50 mM Tris-HCl 

(pH 8.0) , 20 mM V?-*7sV<{ 0.2 mM EDTA*-g-trfflF«[Htt^oiftJKtfD 

$mm£^tfv^;i^;i/**v Kjgjfc 2.5 // 1 t 0.03 mmmtL<D^U > * tz 
fi HJ :/v>£y&&QU Ri©SrBH$&L7to ftiMMfi 250 ^ltLTto 30r, 60 ft 
mRfo1^ttz&, Kfofo 100 M l U ffii^Tk 50 /i 1 £: 50%^vy 

-rv V 7> hyj^—mm lOO lfcimxTM-C 15 ^WHtfiLTt^ 595 nm K 
isif&iy&tBtimfeLtzo W^J^^vVf ;^;^ + ->k^ 2.5 M 1 £ 

>*4ifcfcU ±&tm&Llz I C50«:*«>fco Wfi?.*!»fc LT, E6 4, a^y^> 
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*-fffl<ntt&m (i) ninx-T, tztx.\mmmm (v-tv>, 9^)>m . mm 
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Stt 1-50 Omg, L < 14 1 0-20 Omg. i£*t#JTf±a?!r 0 . 1 ~ 1 0 Omg. 

»t l < n i - 5 omg amj&vfcmi-f&mzti&o 

Bi4£*ifcKJ: imfclR5£Sfr* "i>tf>-e»4&v\, 

N-tert-/f#y*;^*-^7x-^77-> (53 g, 0.2 mol) t p--hn 
T7^/-;U (27.8 g, 0.2 mol) Ofti&i^V (200 ml) vg&H, 7K<^T> N, N'- 
^^nA+^^j^y^ 5 K (41.2 g, 0.2 mol) OftgfcJc*-;u (100 ml) mWL 
fcflSTU 3H£l«aB$U £t>K 20 B#KSffiT«#L7to flrffiLfcN, 

If&^^l'-^^^ffijiJIU N-tert-rh*y*^#-;i/7x-;i/77- 
> p--^D7x;^f^ (61.7 g, 80%) 4r»fc 0 

N-tert-7* h 3r ;l/n>f v> (6.94 g, 30 mmol) hN-th'o^y^ 
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* y'/'f = K (3.45 g, 30 mmol) (50 ml) mmz^ tK.<%T\ N-^*- 

;u-N'- (3-y>f;i/7^7'nt» * ^ K&BMS(5. 75 g, 30 mmol) 
>»&fciSTU -5-^^*2 0#M«#U SfeK 24 B#H£ffi-CiK#L 
£<, ^*fc*fc* + K«?fff;K^rt'T»lfflU 10% ^aL^jgjfc, 10%^tK^ 

jftETHaMBL, ^ftt^vynfji/x-f^i^^ef^^ N-tert-7*h*-> 
^;W^*-;l/n^v> N-t Kn + v7^y>^ Kx^f^ (7.77 g, 78.9%) £ 

1- {4--7)V*uy Mi*? *J>-1&m%i (2.53 g, 10 mmol) ON,N' 

-^fWM7 5K (40 ml) »«[^, h)Jxf;l/7?> (2.8 ml, 20 mmol) £ 
N-tert- y h 4r v :& ;i/ ;i/ "7 .x — ;i/ 7 5 ■=■ > p——b u 7 jL — )V3LX'r)l' 
(2.65 g, 10 mmol) £ JH&in x. , MKT— &«#Lfco 
ftKi^^-caim u i%7>-=e-7>0c»»u f&*i«3fcK, o.in ffiBE, &*n:£i&* N 

n*;l^A:^^y-;i/ (50 : 1) TitliL, 2- (4- (4-7HD7i^) - 
1 - fcf^^— ;i/) -2-t + v-i - (7 i — ^-^)i-^;u^;py^5 1, 
l-^>^;ujc^;ujt^-r;u (2.7 g, 92.2%) *m&mmo9t£LXfttz 0 

1- (4-7Wo7x^) \±i 7 v is-mMM<vit*> *9 iz x 1- (o--7;i^^ 
n 7x-;0 9 ###U3 tratR^a^* U 2-(4-(2 

-7WD7I-J1/) -1-^7^-^) - 2-t^fV-l-(7x-Wfjl/) 
xf ^7j;w^ 1 , 1 -v^^l^^l/J^-r^ (1.89 g, 88.4%)=M#fc 0 

1- (4-7WD7x-^) fcf^vy-jt&m^ (0.91 g, 3 mmol) tN-tert 
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— "^h^'>*;u#— ^o>T N-k Ko^y^^yy^U'x^f;!/ (0.99 g, 
3 mmol) <D*J?un*?> (50 ml) fkMiZ, h'JxWr/ (1.3 ml, 9 mmol) 

1) -CitaiU 2- (4- (4-7^tD7x-^) - 1 - \£s<=7V—)V) — 2-* 
+ V-1- (2 ->^-;U-7°nii;i/) xf I , I -*J * 

(1.05 g, 89.0%) fcjftfetotfftRfc LTftfco 

1- (4-7WD7i^) ^7vVZlJSSt«£oft*)'3tw, 4 - 7 ^ ^ ;Utf ^ 
5W*fflv\ ###IJ5 £|5J#0^fp£ U 2-(4-7x^-i-^7i;-^) 

- 2 -t^V- 1 - (2 -^^;i/-7°n tf;u) jh-t-;i,#;w^ Kg£ 1,1 

(7.99 g , 99%) £#£ Q 

1- (4-7^D7x-;i/) fef^7^>-«fflftffioft*>»)H, 1 
7r-t>f ^tr^9^>«rfflvv £#00 5 fcH«to»ft;*U 2- (4 -v*^;px;u 
7 7^^- 1 -t^7vx;i,) -2-t + V-l - (2-^^;U7 p otT^) xfA- 
h'm 1 , 1 - V* ^f-)V^)VJ-^y-)V (7.19 g, 88.4%) Srfffco 

1- (4-7^D7xx^) t^^vr&SfcftOffcfcijK, p->;Uai>^;i, 
*x;i/t^7^/$:fflv\ ##M5 t|B|«IO»ft«r U 2- (4- (4-^^7x 
xi;i^;i,*-;u) - 1 - -2-t^7-l - (2 -^■f-^/'/n 

xf KU 1 , 1 ;UJLf-;i/jc^ (6.95 g, 79.4%) £f#/; 0 

1- (4-7Wn7i-f) tf^sy &B*&<&ft:fc> *) 1- (2-^dd 

7^^;U) t^7v>^lK ##W5fcRft^iU 2- (4 - (2-^no 
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iJ)Vs*<yWt \ t \-*J fr^TsT-fr (5.70 g, 95.5%) 

1- (4-7Wo7x^) bT^^WH^^ftfeOtc, l- ( m -^no 
tr^9y>-«SK«E*fflv^ ##W 5 ra«tf>»tf:* U 2- (4- (3 
-^nn^i - i - tf^ ^ V-)l>) - 2 *V - l - (2 - * T)V-fu \£ )V) 
if-;i/*;w<$ Km 1, l-y^f^xf^fJl' (2.63 g, 88.4%) £?#£ 0 
1 

1- (4-7;i/*D7x^) tr^7^>-aaftJfioft*>"JHx 1- (4-^nn 
t^7v>-^^ffli\ ##0!)5 fcrafltoatffcfcU 2- (4- (4 
-^nn-7^-;u) -i-^5V-^) 1 -(2->f ^7"d^) 

x ^^*^^ Kg 1 , 1 -y^^;l/jr.^;ujtxx^ (2.83 g, 94.8%) *%tz 0 

***** 1 2 

1- (4-7Wo7x-^) tf^7V>Z«(7)ftfc!)t:, N-(p-* 

tf^7^V=J^^»Jfe*ffl^ % ##«5 fcra«<^i»f^«rU 2-(4-(4 
h^rv7x^;i/) -i-t^7y-^) -2-^-^v-l- (2 f^^n M 
)V) 1, 1 - (2.73 g, 92.3%) *f# 

fco 

1 3 

2- (4- (4-7;^o7x^) - l-^7y-;i/)-2-t^7-l-(7 
i — xfji/A;i//q Kgfc 1 , 1 - v ^ (2.7 g, 6.3 
mmol) <D^m^^ (20 mmol) 4 N*frfbic3EOR:ifci?-;i< (20 ml) 

^i-fll'^f)f|ieflL % 1- (2-75>'-l-*^V-3-7xi^7 , D^) 
-4- (4-7J^D7x-;H ^7y>M (2.2 g, 96.1%) frtttHfeftB 
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1 4 

2- (4- (4-7W07i-;l') - 1 - fcf^v v — 1 -(7 
jl^;u^;w^5 Kg? 1 , 1 - v > )V )V * x^Oft^b •) 
2- (4- (2-7i^07x-Jb) -l-tf^^v — ;l0 -2-^-^V-l-(7 

n 1 3 U 1- (2-75y-l-t=lr7-3-7xz;i'7 p nt» 

-4- (2 -7;i/*n7i-;U) kX^v (1.3 g, 99.1%) £6feg B H B i: 

2- (4- (4-7)^07i^) - 1 - 2 -**V- 1 -(^ 

2- (4- (2-7Wo7x-^) -l-t^7v-;l') - - (2 

##« 1 3 tmm<Dm^L, 1 1 -**v^>^) 

-4- (4 ^7v>^^ (0.56 g, 70.4%) *&feiggfc 

2- (4- (4-7^n7x^) - 1 - \£^<7 -J-)V)- 2 -**V- 1 -(7 

2- (4-7xi;l/-l-^7^) -2-t*V-l-(2-^f;i/7 , oe^) 
-x^;i^,w^ i,i -^>?-;Wi-^i;*x;u*JHv^ ##0IJ 1 3 ra«<7> 

J*ffc£U 1- (2 -75 y- 4 — 1 -t^fV^>f;i/) -4-7x^JK; 

(6.5 g, 99.2%) fcafefcBfc LT»fc 0 

7 

2- (4- (4-7H07x^) - 1 -^7 5?-^)- 2-**y- 
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2- (4 - y^f^^rt'f )V- 1 -^r>- fr) (2- 
>f-;U7°nif;u) a^u* < Kg£ 1 f 1 - v ^ xA'fcfflv^ # 

#m 3 fclTO«>»ffc&U 1- (2-7<y-4-^;l/-i-:**y^>f-,u) 
-4-y>f;^A'77*'f^^7i;>'ttSffi (5. 0 g, 83.3%) *6fef&J|£L 

2- (4- (4-7WD7x^) - 1 - fcf'* ? — - 2 -**V - 1 - (7 

2- (4- (4-^f;V7x^;u^ji'^z;i/) - i - tf^^ v^;l/) 

1- (2-^^^ynfcf;i/) i^^*;w^5 K» l, l - v^;^^;^*^ 
£fl§v>. ##001 3 fc|B|«oaWfc& U 1- (2-7<y-4->f^-l-^^v 

-4- (4->f^7i-M;V*;;v) t>7y>« (4.83g, 
78.4%) i&GM&t Ltftfc, 

2- (4- (4-7Jl/tn7j^) - l-^7y-^)-2-t#7-l-(7 

2- (4- (2-^DD7x^) - 1 - ^7V-;P) - - (2- 
^f;l/7°nt:;v) xf-A/*M5 KB* 1 , 1 - f-^Ji^Wc^T^UfcJiii^ # 

1 3 tmm<om^ L, 1- ( 2 - 7 5 / - 4 - ^ f l - v'/<>f ^) 
-4- (2-^nn7i^) fcr^7^V*£afe*£ (1.54 g, 62.6%) ^fife|S H B B iL 

2 0 

2- (4- (4-7;U^U7x^;l/) - 1 - tf^7 2 -t^V- 1 -(7 

2- (4- (3-^DD7x-ib) -l-tf^^v^^) - 2-t + 7-l- (2- 
^^;l/y°ntl 0 ;i/) j-f-;i,#;w<$ Kg 1, 1 - v> # 
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#W 13b PJfi!<7)^fi=£ L, 1- (2 -T< y- 4 l -^-^y^>^;u) 
-4- (3-^nu7^-)V) ^r>VfiSI (1.40 g, 65.7%) |-6M B |tL 

fe**flH2 1 

2- (4- (4-7WD7x-;l/) - l Jl/)- 2 -**v- l -(7 

2- (4- (4-^no7i-^) -l-ii^7v-^) - - (2- 

jx-^yn fcf;u) ,x^,u#,w^ 1. 1 -v>-^i^-;i/jc*-r;i/£fflv\ # 

1 3 fcraatojfcffc* U 1- (2 -7$ >-4 l -jj-^VO"^) 
-4- (4-^nn 7 ^-;U) ^7y>i|jg (1.50 g, 65.3%) £6fej£J|£:L 

*Mfrfl« 2 2 

2- (4- (4-7W07x^;i/) - 1 - tf^^v — ;i/)- 2 -**V- 1 -(7 

2- (4- (4-n^^7x^) -l-^r>'^) - 2-^-^y-i - (2 
->f;^nt:» jL-^;u*;i/y\*5 Kgg 1, l - ^;i/jr.^;i/jr.^ x;u&fl§v\ 
##^J1 3 fc|S|«Otfeft*L, 1 -(2-7 5 y-4->^;u- l -t^^Ofjl.) 
-4- (4-^^>7x-A/) kf^S^&Hfcft (2.21 g, 87.4%) *Sfe*SSfc 

#^•#1) 2 3 

N-tert--7^*v#;U/K-;i^-L-^V > (2.27 g f 10 mmol) 4:1- (2-*n 
n7^-;W) tf^?7v> (2.00 g, 10 mmol) WN,N-y>f;i/*^A75 K (50 
ml) &m~, tK^T> 1-^)^-3- (3_y^^.^ r a y/nt^) #;i/,-Kv-f 
5 KittBMfi (2.2 g, 11 mmol) ^tfl-t Ko + v^>y* h »; 7 V*-;l/ (1.5 g, 11 
mmol) ^y?DD^> (50 ml) »«l*«!TL^o 5UC£iI^!»*MT 15 P$MI 
#L7tm, »±Ty^nD>tr/^iU ^TOK^^^ (200 ml) ^Jpi.fj 0 
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<om\zm»^ f&ttmi- h y * A-ctiMLtiik* »«ifca*u «9»sr->'j*y 

;i/^Dvh^7 7-f-t:#Lt, : n-^-frv (1:2, v/v) -eitffiU 

2- (4- (2-^nn7i — ;P) H'^^v — ;U) - (s) -1- (2 

-.7' D ^» scT)Vij y& 1, 1 -y>f^xf;i/i^fj^n/ ;o 

fehS#C$/J?£lfc®?J^;U (50 ml) K»tf*U zk<£T, 4N&fbtfc^<Dif^:n^;i^ & 
(50 ml) SrflSTLTt^ Siar 3 ftmmW LtZo MM L, ftBfcJ^l'- n 

(i:i t v/v) -e^u 1- ( (s) - 2-t<;-3 1 
*V7?-;i/) -4- (2-^nn7x-;U) ^7y>» (3.32 g, 95.8%) £ 

**gn 2 4 

1- (2 -75 / - 1 v.jc-f-;u) -4- (2 - ? u u -7 ^ - )V) 

(2.4 g, 90.4%) zm&m&tLTntzo 

*Mfrgfl 2 5 

###112 3 i:|B|«l<Wft£/Bv*T, N-tert-r h ;w**-;u-L-T 7- > 

«t<9. 1- ( (s) -2-7 5/-l-t + V7'Dk: , ;u) -4 - (2 -^nn — 
;l/) fcf^v>^*& (1.7 g, 58.8%) ^ife^Ht^o 
2 fi 

###J2 3 tig«<?5^ffi*fliv»T, N-tert-y h^i/*;u#-;i.-L-^ vn-f 
v>-«fcl^ 1- ( (s) -2-7^-3-^f^-l-t^V^>f;l/) -4 -(2 
-?uu7x.-)U) t>7v>« (3.4 g, 90.2%) **ftfe*SSfc LTt#fc 0 

##^J2 3 t ra#to#ft&fflv*-C\ N-tert-r h #vi;W-^- fi-T7—> 
«t.f?, l-(3-75y-l-^^yyDif;v) -4- (2-^nn7i-;i/) tf^ 
(2.9 g, 90.0%) Zm&mMitLX'ftfZo 
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##0fl2 3 ira^^^ft^fflw-C, N-tert-^ h^v#;P;K-;l/--9-;Uri 

1- (2-^fJl'75/-l-t4Vxf;l/) -4- (2 -^nn^^ji^) \£ 
^r/^lfi (3.0 g, 93.3%) ^^fe^ B H B t LT»t 0 

###J2 3 £ra*Jto#tt&Jfiv»-C\ N-tert-r h^f'>*;l/#-^/-L-^o V > 
.tip, 1 - ( 1 - -j-^y^^) _ 4 _ (2 _^ nn _ 7 

^7v>» (4.3. g, 98.0%) iifegatLTHfc, 
*fe*HM3 0 

##0B2 3 N-tert-7* F^y*;l/^^- ( s _ T ^j. 

7 3 K*^/l/) -L-v*tM >«t 0, 1 - ( (s) -2-73 y-3-(7-fe^7 
- 1 -^-^ v/n tf;v) -4- (2-^DD7i^^) fcf^v> 
(4.0 g, 95.9%) tlfe^iLt#f:o 

###J2 3 fcHttO;&&fcfflv»-C\ N-tert-rh^r">*;l/#-^-L->^*- 
>«fc«3> 1- ( (s) -2-7^-4->fW-l-t+V7^) -4-(2 
-tuny \£^yV>mm.^L (3.7 g, 97.1%) Ltflto 

*&gffil3 2 

###!!2 3 t»M^fflv^, N-tert-"T h*>>*;i/#-^-L-^;U^ 3 
><fc*K 1 - ( (s) -2-7^-4-*;W^^^-l-t^rV7f^) -4- 
(2-^no7x^) V**? (2.7 g, 60.7%) fcftfrfelgfifc L-C&fco 

1- (2-7<y-l-t+V-3-7x-;i'7Dii>) -4- (4-7^t07 
\£^ , 7V>jSsm& (1-82 g, 5 mmol) ON.N-^f ^A75 F (20 
ml) h ij^^;UT< > (0.697 ml, 5 mmol) &tiQjL&f£l? 1 O^MtK^L/;^ 
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TAMAI 3£<^j£ [Chen. Pharm. Bull., 35^, 1098K (1987^) } f:$CTML/:, 
p--F07i^l/ L-trans-^^4rvrjyN^^jif-;ujc^^;u (1.41 g, 5 mmol) 

%T>*-TfrmwL, o.iNig^L mm±^k, fkm^m^m-f- v v * 

1) -C^aiL, (2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7;P*n 7 

t^y7>*^f^xfjt/x7f;u (1.2 g, 51.1%) £*#£ 0 
'HNMR (CDC13)*: 1.31 (t, 3H, J=7.0 Hz, -C-OfcO, 2.42-2.50 (m, 1H, 
piperazine ring), 2.83-2.94 (m, 2H, piperazine ring), 3.00 (d, 2H, J=7.6 
Hz, ph-CH2-C-), 2.97-3.07 (m, 1H, piperazine ring), 3.14-3.22 (m, 1H, 
piperazine ring), 3.35 (d, 1H, J=1.9 Hz, epoxy ring), 3.43-3.52 (m, 1H, 
piperazine ring), 3.64 (d, 1H, J-1.9 Hz, epoxy ring), 3.71 (t, 2H, J=5.4 Hz, 
piperazine ring), 4.25 (dq, 2H, J=7.3, 2.6 Hz, -0-CH2-C), 5.18 (q, 1H, J=5.3 
Hz, -N-CH-CO), 6.75-6.83 (m, 2H, aromatic), 6.91-7.04 (m, 2H, aromatic, 
1H, NH), 7.17-7.34 (m, 5H, aromatic) . 

1- (2-7^-l-t^V-3-7x^jl/ynt» -4 - (4-y)V^ay 
^-^) ^^7v>^J^Oftt>f?tC. 1- (2-75;-l-t + v-3- 7l z 

fr-fu^n,) -4- (2 -?)v*u-7 \£s<7i?>m.mi&*my<\ ^rnmit 
mmvmfZL, (2s, 3s) -3- [ [ [ [ a S ) -1- [ [4- (2-7^* 

D7x - ;1/ ) - l - t£^^ x - 2 - 7 rsy] 

ij)V^-)V] t^y7>A;i/**>ixf-;Ux^f;i, (0.83 g, 58.6%) *ntz 0 

*HNMR (CDC1 3 )£: 1.31 (t, 3H, J=7. 1 Hz, -C-CHs), 2.42-2.49 (m, 1H, 
piperazine ring), 2.72-2.90 (m, 2H, piperazine ring), 3.02 (d, 2H, J=8.3 
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Hz, ph-CH2-C-), 2.94—3.10 (m, 1H, piperazine ring), 3.17—3.29 (m, 1H, 
piperazine ring), 3.36 (d, 1H, J=1.7 Hz, epoxy ring), 3.44-3.57 (m, 1H, 
piperazine ring), 3.65 (d, 1H, J=1.3 Hz, epoxy ring), 3.66-3.80 (m, 2H, 
piperazine ring), 4.25 (dq, 2H, J=7.1, 2.3 Hz, -0-CH2-C), 5.19 (q, 1H, J=7.6 
Hz, -N-CH-CO), 6.8 (t, 1H, J=8.3 Hz,-NH-), 6.93-7.11 (m, 4H, aromatic), 
7.18—7.34 (m, 5H, aromatic), 

1- (2-75 y- 1 -^-^rV-3 -7 jl-)V-?U\£)V) -4- (4-7^07 
\ds<7i;^)&m&<Dtt*it) fc, 1- (2-75/-4->f^-l-t+V 
^y^-)V) -4- (4-7W07x^) ^7V>M^lV\ H»J 1 t R 

%k<vmttL, (2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7;i-*n7 
- 1 -tf^v?-^] zjutf-ju] -3-^^;^] y^-ju] t<;] #;w-ff 
— t + V7 >^;^^*>^^^-;i/^^x^ (0.30 g, 45.6%) 

'HNMR (CDCls)*: 0.93 (d, 3H, J=6.3 Hz, -C-CH3), 1. 00 (d, 3H, J=6.3 Hz, - 
C-CH3), 1.32 (t, 3H, J=7.3Hz, -C-CH3), 1.40-1.63 (m, 3H, -C-CH2-CH-C2) , 
3.06-3.15 (m, 4H, piperazine ring), 3.49 (d, 1H, J-1.7 Hz, epoxy ring), 
3.60-3.89 (m, 4H, piperazine ring), 3.68 (d, 1H, J-1.7 Hz, epoxy ring), 
4.26 (dq, 2H, J=7.3, 3.3 Hz, -O-CH2-C), 5.03 (dt, 1H, J=8.91, 4.3 Hz, -N-CH- 
CO), 6.85-7.03 (m, 5H, aromatic and -NH). 

1- (2-7^-l-^#v-3-7x^;l/7 t n^) -4- (4-7^07 

-?>^;u) -4-7x^^7y>^s^v\ &mmi tmm<Dm**LA2 

s, 3 s) - 3 - [ [ [ [ ( 1 s) - 1 - [(4 -7 j^ — )V- 1 - V — * 

-3-^^;U] T</] 5, =7 frig As 

*7-)V (3.96 g, 63.3%) &#£ 0 
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;H NMR (CDC 13) a : 0.93 (d, 3H, J=6.3 Hz, -C-CH3), 1.00 (d, 3H, J=6.3 Hz, - 
C-CH3), 1.32 (t, 3H, J=7.3Hz, -C-Ofe), 1.40-1.63 (m, 3H, -C-CH2-CH-C2, 3.16 
—3.24 (m, 4H, piperazine ring), 3.49 (d, 1H, J=1.7 Hz, epoxy ring), 3.60— 
3.89 (m, 4H, piperazine ring), 3.68 (d, 1H, J=1.7Hz, epoxy ring), 4.26 (dq, 
2H, J=7.3, 3.3 Hz, -O-CH2-C), 5.03 (dt, 1H, J=8.9, 4.3 Hz, -N-CH-CO), 6.90- 
6.95 (m, 4H, aromatic and -NH), 7.25-7.33 (m, 2H, aromatic). 

mums 

1- (2 - 7 5 y - 1 -7x;^7 p n \£)V) -4- (4 - 7 ;^ D 7 

(D&ft*L. (2s, 3s) -3- [ [ [ [ (Is) -1- [(4-y>W;l/77t 
4 )l>- 1 - tf^7v-;u) _3->^.;p] t^a,] 7;;]*^^] 

t^y7>*W>gxf^f^ (3.7 g, 82.6%) 

'HNMR (CDCI3)*: 0.92 (d, 3H, J=6.3Hz, -C-CH3), 0.89 (d, 3H, J=6.3 Hz, - 
C-CHs), 1.32 (t, '3H, J=7.3Hz, -C-CHs), 1.38-1.60 (m, 3H, -C-CH2-CH-C2), 
2.85 (s, 6H, -N-CH3), 3.15-3.38 (m, 4H, piperazine ring), 3.48 (d, 1H, J=1.7 
Hz, epoxy ring), 3.52-3.68 (m, 3H, piperazine ring), 3.67 (d, 1H, J=1.7 Hz, 
epoxy ring), 3.79-3.87 (m, 1H, piperazine ring), 4.27 (dq, 2H, J=7.3, 4.0 
Hz, -O-CH2-C), 4.96 (dt, 1H, J=8.9, 4.3 Hz, -N-CH-CO), 6.90 (d, 1H, J=8.6Hz, 
-NH-). 

1- (2-75y-l-t + V-3-7i-^7*nt°jl/) -4- (4-7WD7 

^~;u) tL^^vyj&mi&^tttet) 1- (2-75y-4->f;i/-i-t^v 
^y-f-jv) -4- (4-^f^7x-^W-;v) tf^7 y>^t^^ffl^\ HSfe 
Ml tm&<nm?t:L. (2 s, 3s)-3-[[[[(2s)-l-[[4-(4-* 
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r<S} jj v-7 Z^^j JU^>'^.^r.^-)U^r.^.y L ju (4.31 g, 95.1%) 

/Co 

'H NMR (CDClsU: 0.87 (d, 3H, J=6.3 Hz, -C-CHs), 0.94 (d, 3H, J=6.3 Hz, - 
C-CH3), 1.30 (t, 3H, J=7.3 Hz, -C-CHs), 1.31-1.55 (m, 3H, -C-CH2-CH-C2) , 
2.45 (s, 6H, -ph-CH3), 2.70-2.84 (m, 2H, piperazine ring), 3.22-3.54 (m, 
4H, piperazine ring), 3.43 (d, 1H, J=1.7 Hz, epoxy ring), 3.61 (d, 1H, J=2.0 
Hz, epoxy ring), 3.68—3.78 (m, 1H, piperazine ring), 3.96-4.06 (m, 1H, 
piperazine ring), 4.25 (dq, 2H, J=7.3, 4.0 Hz, -O-CH2-C), 4.87 (dt, 1H, 
J=9.2, 4.0 Hz, -N-CH-CO), 6.81 (d, 1H, J=8.6 Hz, -NH-), 7.35 (d, 2H, J=7.9 
Hz, aromatic), 7.63 (d, 2H, J=8.3 Hz, aromatic). 

1- (2-7^-l-t + V-3-7x^^yDi;>) -4- (4- 7Wn7 
^-;i/) \£'<7*J2'iasBtj&<Dttt>t)iz^ 1- (2 -T ^ J - 4 -**■)],- 1 -**y 

^y^-)v) -4- (2-^on7x-^) ^7v>«mv\ mmmitnm 

OlW^«rL, (2s, 3s) -3- [ C [ [ (Is) -1- [ [4- (2-^DD7x 
-;U) _ 1 _ *J^)\,-\ -3-^^;P] T^U] T<S] j])l<#- 

#0 t + y 7 V * >|?xf ;i/x^ f (0.65 g, 35.9%) 

l H NMR (CDCI3)*: 0.93 (d, 3H, J=6.3 Hz, -C-CHs). 1.01 (d, 3H, J=6.3 Hz, - 
C-CH3), 1.32 (t, 3H, J=7.3Hz, -C-CHs), 1.41-1.61 (m, 3H, -C-CH2-CH-C2) , 2.96 
—3.10 (m, 4H, piperazine ring), 3.49 (d, 1H, J=2.0 Hz, epoxy ring), 3.61- 
3.81 (m, 3H, piperazine ring), 3.68 (d, 1H, J=2.0 Hz, epoxy ring), 3.90- 
3.98 (m, 1H, piperazine ring), 4.27 (dq, 2H, J=7.3, 4.0 Hz, -0-CH2-C), 5.03 
(dt, 1H, J=8.9, 4.3 Hz, -N-CH-CO), 6.91 (d, 1H, J=8.6 Hz, -NH-), 7.00-7.06 
(m, 2H, aromatic), 7.21-7.27 (m, 1H, aromatic), 7.37-7.41 (m, 1H, 
aromatic). 
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1- (2-75y-l-**y-3-7xi;^n^) -4- (4-7^07 

^>^;v) -4- (3-^od7x^) ^7y>aaKts:fflv\ nam it mm. 

OiMfcfcU (2s, 3s) -3- [ [ [ [ (Is) -1- [ [4- (3-?nn 7 x 

;u] t + V7 >*;U**V^Jc^;Ui^-f^ (1.24 g, 68.4%) &t#fc 0 

*H NMR (CDCl3)5: 0.93 (d, 3H, J=6.3 Hz, -C-CHs), 1.00 (d, 3H, J=6.3 Hz, - 
C-CH3), 1.32 (t, 3H, J=7.3Hz, -C-CHa), 1.42-1.63 (m, 3H, -C-CH2-CH-C2) , 3.17 
—3.25 (m, 4H, piperazine ring), 3.48 (d, 1H, J=2.0 Hz, epoxy ring), 3.60- 
3.90 (m, 4H, piperazine ring), 3.67 (d, 1H, J=2.0 Hz, epoxy ring), 4.27 (dq, 
2H, J=7.3, 4.0 Hz, -0-CH2-C), 5.02 (dt, 1H, J-8.9, 4.3 Hz, -N-CH-CO), 6.77- 
6.81 (m, 1H, aromatic), 6.86—6.89 (m, 3H, aromatic and-NH), 7.16—7.22 (m, 
1H, aromatic). 
*tt«9 

1- (2-7^y-l-t^rV-3-7x^.;U7 P Dtl>) -4- (4-7W07 

V^vymm&nftto*)^ 1- (2 -75 J- 4 1 -**v 
+ -4- (4-^nn7i-;u) tf^? v >8fflMfc*fflv^ mttW 1 t mm 
«>»ffc*U (2s, 3s) -3 - [ [ [ [ (Is) -1- [ [4-(4-?nn 7 x; 

**v9>*;w**>ifta.-?-;Ui^x;v (0.55 g, 27.1%) £»fc 0 

'H NMR (CDCl3)a: 0.93 (d, 3H, J=6.3 Hz, -C-CHs), 1.0 (d, 3H, J=6.3 Hz, -C- 
CH3), 1.32 (t, 3H, J=7.3Hz, -C-CHa), 1.42-1.63 (m, 3H, -C-CH2-CH-C2) , 3.12- 
3.20 (m, 4H, piperazine ring), 3.48 (d, 1H, J=2.0Hz, epoxy ring), 3.60- 
3.90 (m, 4H, piperazine ring), 3.67 (d, 1H, J=2.0 Hz, epoxy ring), 4.27 (dq, 
2H, J-7.3, 4.0 Hz, -O-CH2-C), 5.02 (dt, 1H, J=8.9, 4.3 Hz, -N-CH-CO), 6.83- 
6.87 (m, 2H, aromatic), 6.90 (d, 1H, J =9. 9 Hz, -NH), 7.21-7.3 (m, 2H, 
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aromatic). 

1- (2-7^-l-t^7-3-7xCj^Dtf^) -4- ( 4 _ 7Wn7 
\£'<7z;yjm.i&<nttt>*)K* 1- (2-75>-4->f;i/-i-^*v 
^zs ?■)},) -A- (4-* h + «>7x-*) ^r^/MJf^, ISifrWlfcpg 
*toiMfc*U (2s, 3s) - 3- [ [ [ [ (Is) - i - [ [ 4 _ (4 _^ h ^ 
- 1-1^*7 -3-^^;w] r^y] u 

t + V7 >^;W**>^?i^-;Ujn.^r-;i, (0.94 g, 65.2%) 
'H NMR (CDClaU: 0.92 (d, 3H, J=6.6 Hz, -C-CHa), 1.00 (d. 3H, J=6.3 Hz, - 
C-CH3), 1.32 (t, 3H, J=7.3Hz, -C-CH 3 ), 1.40-1.60 (m, 3H, -C-CH2-CH-C2) , 3.03 
~3.11 (m, 4H, piperazine ring), 3.49 (d, 1H, J=2.0 Hz, epoxy ring), 3.60- 
3.88 (m, 4H, piperazine ring), 3.67 (d. 1H, J=2.0 Hz, epoxy ring), 3.78 (s, 
3H, -0-CH3), 4.27 (dq, 2H, J=7.3, 4.0 Hz, -O-CH2-C), 5.03 (dt, 1H, J=8.9, 4.3 
Hz, -N-CH-CO), 6.83-6.96 (m, 5H, aromatic and -NH). 
1 1 

1 ~ (2-7</-l-t*V-3-7x^^7°Dt>) -4- (4- 7J ^o 7 
^-;U) fcf^v^Mfe&OftfclJK, 1- ( (s) - 2-7^-3-^f^-i 

tmmvmfttu (2s. 3s) -3- [ [ [ [ d s ) -1- [ [4 _ ( 2 -* n 

U-7^-)V) - 1 -H^7v?-;u] Jj)\,tf-)V] -2-*7-)U) -fu\£)V] 7^] 
Ufrtf-A,] ^V7>i;;^*^xf;i,x7T^ (1.3 g, 57.4%) frftfeftftift 

1 2 

1- (2-75;-l-t*V-3-7x-;i/7 , D^) -4- (4-7^07 

-(2-^o7xx^) e^vyjmzLtm^ nmmi tmm<7)m / E*LA2 
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s, 3s) -3 - [ [ [ [4 - (2-^nn7x^) -l-t^^v-^] iJ 
;u] y^;u] r^y] > -to 3^7*7- (1.75 g> 

53.5%) ^tfei^fi: LT#£ 0 

1- (2-75y-l-t+V-3 - 7x-;l'7 p o kf;l/) -4- (4-7^07 
H*^7v>^^<7)ftt?i9tC, 1- ( ( s ) 

tf;u) -4 - (2-^nn7^-;u) tf^^v>^^^fflv^ mmmi tmm^m 

(2s, 3s) - 3- [ [ [ (Is) -1 - [ [4- (2-^nny^ 
-1 -tf^?7 S>-;u] a;i/*K-;i/] r^y] >;*;;l/** 

>®p^;^.x;* > x>>^ (1.23 g, 55.0%) £#*fe7M»«<h LTt#/c Q 
^*fc®l 1 4 

1- (2-75y-l-tJrV-3-7x^;l/7 , Ot>) - 4 — (4 -7 n "7 
i^;w) e-?7v>^^<7)ftt)^r, 1- ( (s) — 2 — T ^ 7-3->f^- 1 
-t + v^>f;i.) -4- (2-^on7x;;H fcT^v ffiv^ 

1 tmm^mteL, (2 S , 3s) -3- [ [ [ [ a s ) -1- [ [4- (2-* 

j-* fyy ~y jj )V#y^x.1- )V )\s (1.48 g, 56.6%) ^ftrfevfi*^ 

1- (2 — T 5 J — 1 — # y — 3 -7x-^7*n kf;i^) -4- (4 -y ny 
^-;i/) kf^7S?>*SK«fcoft*>«5^, 1- (3-7^y-l-t^rV7 5 ne;i/) - 
4- (2-^nn7x^^) ^7y>M*fflv\ ^Jfe^J l <h mtikn&fc* U 
(2s, 3s) -3- [ [ [2 - [ [4 - (2-^DD7x-^)-i-^7y-;P] 

(1.16, 52.9%) *jSfeflli^«aTftfco 

31 



WO 97/03060 



PCT/JP96/01884 



I - (2 -T< S - 1 -*^V- 3 — JUzfn -4- {4--7)V*uy 

^-^) t'^yv^^^^tjfj (C, 1 -(2 -*+)VT< y- 1 VJC^;u) 
-4- (2-^DD7x^) ^7v«MK IIMl^iOl^U 
(2s, 3s) -3- [ [ [ [N— [ [4- (2 - ^ n n -7 ^ - -i-^^y- 

(1.55 g, 76.7%) £«L-/tiM#&7f? <h LtH/; 0 

gJftgai 7 

1- (2 -75 J - 1 -*^rV- 3 -71^7*0 fcf/l/) -4- (4-7W07 

^-;i/) tr^vy>*asi*fcoft^»)jw % 1 -( 1 - (2-fn'jy'-^) - 1 

V^^;U) - 4 _ ( 2 -^on7x^) fcr^7v>*SBM£*ffl»,> % l t TO 

OJsfEfcU (2s, 3s) -3- [ [ (2 s) - 2- [ [4-(2-^OD7x^) 

^VUxf^x^f^ (1.42 g, 49.9%) LT»fc 0 

1- (2-7^y-l-^^V-3-7x^;i/7'n!i» -4- (4-7;i/t0 7 
^-^) ^9^>«KfflOft*?0t^ 1- ( (s) - 2-757-3-(7-bf;l/ 7 
5;^Wi) -l-^V7*n^) -4- (2-^D07x^) t'^yv 
«8Hft*fflv^ ^«0i tra«Oj(^*L, (2s, 3s) -3- [ [ [ [ (Is) - 
1- [ [4- (2-^nD7x^) -l-t'^yy-^] 7j;i^-;v] - 2 -T-tr 

i^-r^ (1.19 g, 43.7%) ^M»*tL-C^, 

1- (2-7^-l-t+v-3-7xx;i/7 p nt>) -4- (4-T;V^n^ 
tT^9y>tt[»ffioft*>0^, 1- ( (s) -2-7^y-4-^Wt 

-l-^V7*fJl/) -4- (2-?DD7x^) ^7y>tiI^i^ N Hife 
«1 ^ra«^»ftSr U (2 s, 3 s) -3 - [[[[ (Is) -1- [[4 - (2- 
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<y] t^>7 V^^jKVglJi-^^^^x^ (1.54 g, 61.5%) fcftlfe 

1- (2 -7 ^ J - 1 -t^V- 3 - "7 xi ;U7°n \£f\,) -4- (4- 7 ;^ D 7 
feT^9^>i!aB»ffioft*>*)tw, 1- ( (s) - 2-7<y-4-*;w^^ 
1 -**V7^;u) -4- (2-^nn^i-;u) If ^7 ViSgfc&fcfflv^ H 
»m fclTOoSiffcfcU (2 s, 3s)-3-[[[[(ls)-l-[[4-(2 

^] T<y] t^ry7>*^f>^xf;l/x^f^ (0.2 g, 5.8%) £ 

1 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7;VtD7x-^) -1 
~^7V-^] - 2 -7x^] 7^] ^ + 

(0.5 g, 1.06 ramol) <DX-?;-)V (20 ml) 
K ? zR?£T\ O.lNTfcBMfcf- h 'J VA<D3-f y-)UmWL (16 ml) fcfln*., MSKT2 
0B#Kltt#L;fto a£i££i£3|t*K«g\ lN»l!tia, *rffi Lfcfife&fc 
nJfcU ra^^ + ^*^>^#*S B H H U(2s, 3 s) - 3 -[[[[( 1 

s) -1- [ [4-(4-7J^n7x-;i/) -l-tf^^v — # ;v] -2 
;u] T^y] *;WtK— ^] v 7 ^jK^SKO. 36 g, 77.8%) 

'H NMR (CDCI3)*: 2.34-2.41 (m, 1H, piperazine ring), 2.82-2.96 (m, 2H, 
piperazine ring), 2.99-3.08 (m, 1H, piperazine ring), 3.06 (d, 2H, J=7.3 
Hz, ph-CH2-C-), 3.16-3.24 (m, 1H, piperazine ring), 3.49-3.58 (m, 1H, 
piperazine ring), 3.55 (d, 1H, J=1.7 Hz, epoxy ring), 3.57 (d, 1H, J-1.7 Hz, 
epoxy ring), 3.71 (t, 2H, J=5. 1 Hz, piperazine ring), 4.5-6.0 (brd, 1H, - 
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C00H), 5.23 (q, 1H, J=7.9Hz, -N-CH-CO), 6.74-6.82 (m, 2H, aromatic), 6.91 
—7.00 (m, 2H, aromatic), 7.20-7.35 (m, 5H, aromatic), 8.23 (d, 1H, J=8.6 
Hz, -NH-). 

2 2 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7^D 7 x^) -i 

v7>*;u^>^if-;l,i^T-;K50>ft^>«9 (2 s, 3 s) - 3 - [ [ [ [ ( l s ) 
-1- [ [4- (2 -7 )V*uy -l-^r/-^] ij)Vtf-)i>] - 2- 

v\ %mm2 1 t[S|^^=SrL, ( (2s, 3s) -3- [ [ [ [ (Is)- 1 -[[4 
- (2-7Wn7x^;l') - i-tf^9 v-^] ^;WtK-;u] -2-7x^] jr. 
^Kl 7^] ^-^'>7>^;u^>^ ( 0 . i g , 29.6%) 

'H NMR (CDCl3)5I 2.38-2.43 (m, 1H, piperazine ring), 2.83-2.93 (m, 2H, 
piperazine ring), 2.95-3.08 (m, 1H, piperazine ring), 3.06 (d, 2H, J=7.6 
Hz, ph-CH2-C-), 3.20-3.28 (m, 1H, piperazine ring), 3.49-3.66 (m, 1H, 
piperazine ring), 3.55 (d, 1H, J-1.7 Hz, epoxy ring), 3.58 (d, 1H, J=1.3 Hz, 
epoxy ring), 3.67-3.80 (m, 2H, piperazine ring), 4.0-6.0 (brd, 1H, -C00H), 
5.23 (q, 1H, J=7.9 Hz, -N-CH-CO), 6.77-6.87 (m, 1H, aromatic), 6.93-7.09 
(m, 3H, aromatic), 7.20-7.36 (m, 5H, aromatic), 8.23 (d, 1H, J=8.6Hz, - 
NH-). 

^fifcflll 2 3 

(2 s, 3 s) - 3- [ [ [ [ (is) -1- [ [4 -(4 - y)Virny^-)]y) -i 

v7>*^#>^^;i/jc^^;K7)ft^0 K> (2s, 3s) - 3 - [ [ [ [ (is) 
-1- [ [4-(4-7W07xXjl/) - 1 - 3 _ 

y^-jv] t$s] ij)v^=.)V\ 3-*v7># ^^^m^-^^^^y-)v^m^, 
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mm 2 1 tm&L<omp*u (2s, 3s) -3- [ [ [ [ (i s ) -i-[[4-(4 

5y] t*y7>*^'/8 (0.13 g, 69.5%) =H#/c 0 

'H NMR (CDC13)5 : 0.96 (d, 3H, J=6.6 Hz, -C-CH3), 0.99 (d, 3H, J=6.59 Hz, - 
C-CH3), 1.42 (ddd, 1H, J=14.1, 10.5, 3.6 Hz, -C-CH2-C), 1.6-1.82 (m, 1H, -C- 
CH-C2) , 1.69 (ddd, 1H, J=14.5, 10.7, 4.23 Hz, -C-CH2-C), 3.08-3.26 (m, 4H, 
piperazine ring), 3.55 (d, 1H, J=1.7 Hz, epoxy ring), 3.60-3.92 (m, 4H, 
piperazine ring), 3.62 (d, 1H, J-1.8 Hz, epoxy ring), 5.08 (ddd, 1H, J=10.6, 
8.6, 3.6 Hz, -N-CH-CO), 5.2-6.4 (brd, 1H, -COOH), 6.84-7.03 (m, 4H, 
aromatic), 8.18 (d, 1H, J=8.6 Hz, -NH-). 
^fifc^l 2 4 

.(2s, 3 s) -3- [ [ [ [ (Is) -1- [ [4 -(4 -y^Xuy -1 

^yyiJ^^>m^)V^.^^)V<DiXt>y)\,z^ (2s, 3s) -3 - [ [ [ [ (is) 
-1- [(4-7x^v-i-t:^7y-;i') _3_^^ ;U ] 
T5/] ^^v^ >^;i/**>^o.^-;ujc^-r^^fflv^ 2 1 <h [HJ 

m<Dmf*L, (2s, 3s) -3- [ [ [ [ (Is) -1- [(4-7^;u-i-ti 
^V-)V) jjjutf-ju] - 3 ->^ ;l /| 7 5/] ij)V^-)V] t + y 7 > 

(1.06 g, 29.1%) £#£0 

'HNMR (CDCI3) 0.96 (d, 3H, J=6.6Hz, -C-CH3), 0.99 (d, 3H, J=6.26 Hz, 
-C-CHs), 1.37-1.47 (m, 1H, -C-CH-C2), 1.64-1.80 (m, 2H, -C-CH2-C-), 3.17- 
3.36 (m, 4H, piperazine ring), 3.55 (d, 1H, J=1.7Hz, epoxy ring), 3.62 (d, 
1H, J=1.3 Hz, epoxy ring), 3.70-3.90 (m, 4H, piperazine ring), 5.10 (m, 1H, 
-N-CH-CO), 6.5-7.5 (brd, 1H, -COOH), 6.87-6.96 (ra, 3H, aromatic), 7.27- 
7.33 (m, 2H, aromatic), 8.20 (d, 1H, J=8.6 Hz, -NH-). 

^*fe#" 2 5 
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(2s f 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7ftD7x-;i.) -i 

i'7>jj)l>#>m^m'^X : r)\'<7)ttt>t)lz > (2s, 3s) -3 - [ [ [ [ (Is) 
- l- [(4 -y>f-^^7 r^e^Ov- i - v^;u) *;i/tK-;u] -3-> 

£ffi0O2 1 fclTO*3*fl:*U (2s, 3s) -3- [ [ [ [ (is) -1- [(4-v 
* *)V* )V7 i - ;u) _ 3 _^^- ;L ,] r 

^y] **v7>:fr;l/7K>8fe (1.28 g, 39.0%) =H#7t 0 

'H NMR (CDClsU: 0.94 (d, 3H, J=6.3 Hz, -C-CHs), 0.96 (d, 3H, J=5.6 Hz, - 
C-CH3), 1.36-1.44 (m, 1H, -C-CH-C2), 1.61-1.68 (m, 2H, -C-CH2-C-), 2.85 (s, 
6H, -N-CH3), 3.17—3.35 (m, 4H, piperazine ring), 3.48—3.60 (m, 2H, 
piperazine ring), 3.58 (d, 1H, J=1.7 Hz, epoxy ring), 3.62 (d, 1H, J=1.7 Hz, 
epoxy ring), 3.70-3.80 (m, 1H, piperazine ring), 3.83-3.95 (m, 1H, 
piperazine ring), 4.95-5.05 (m, 1H, -N-CH-CO), 7.7-8.1 (brd, 1H, -C00H), 
7.94 (d, 1H, J=8.6 Hz, -NH-). 

^WM 2 fi 

(2 s, 3 s) - 1 -[[[[( 1 s) [ [4-(4-7^D7x-;0 - 1 - 

iJ)^^ym.^^^7.7-)V(DiXt) «5 (2 s, 3 s) -3 - [[[[(Is) -1- 
[ [4-(4->f;i/7x^j^;i/*^) - 1 - -3 

v\ &mw2 i.tmm<F>mft*L, (2 S , 3 S ) -3- [ [ [ [ (i s ) -1- [[4 

-(4->f;U7x^^;^-;i.) # ;I/;J ^,i/] _ 3 _^^ 

T$S] ij)V7$-)V] t^y7>*MV|S (2.8 g, 70.0%) 
'H NMR (CDClaU: 0.90 (d, 3H, J=6.6 Hz, -C-CHs), 0.93 (d, 3H, J=6.6 Hz, - 
C-CHa), 1.23-1.33 (m, 1H, -C-CH-C 2 ), 1.53-1.67 (m, 2H, -C-CH2-C-), 2.45 (s, 
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3H, -ph-CH3), 2.73-2.91 (m, 2H, piperazine ring), 3.28-3.59 (m, 4H, 
piperazine ring), 3.45 (d, 1H, J=l. 7 Hz, epoxy ring), 3.48 (d, 1H, J=1.7 Hz, 
epoxy ring), 3.70-3.83 (m, 1H, piperazine ring), 3.98-4.08 (m, 1H, 
piperazine ring), 4.85-4.97 (m, 1H, -N-CH-CO), 7.35 (d, 2H, J=7.9 Hz, 
aromatic), 7.63 (d, 2H, J=8.3 Hz, aromatic), 7.97 (d, 1H, J=8.6 Hz, -NH-). 

xns.m2 7 

(2 s, 3 s) - 3 - [ [ [ [ ( 1 s) - 1 - [ [4-(4-7^n7x^) -i 

'>9^*;i/7K>»if-;wx^7-jK0ft*>IJK, (2s, 3s) -3 - [ [ [ [ (is) 
-.1- [ [4- (2-^OD7x^) - 1 -tf^^v-;i,] # ,b] - 3 

2 1 R«Oi*f^Sr U (2 s, 3 s) -3 - [[[[ (Is) -1- [ [ 4 - 
(2-^dd7i-^) - l - fc?^? v-;uj *;i/7K-;H -3-^^;i/] ^;u] 
T^y] *;UtK-^] Jr*^? frtfym (0.41 g, 67.2%) 

'H NMR (CDC\ 3 )S: 0.97 (d. 3H, J=6.9 Hz, -C-CHs), 0.98 (d, 3H, J=7.3 Hz, - 
C-CH3), 1.38-1.47 (m, 1H, -C-CH-C2), 1.65-1.77 (m, 2H, -C-CH2-C-), 2.98- 
3.19 (m, 4H, piperazine ring), 3.55 (d, 1H, J=l. 7 Hz, epoxy ring), 3.61- 
3.77 (m, 2H, piperazine ring), 3.64 (d, 1H, J=1.7 Hz, epoxy ring), 3.77— 
3.89 (m, 1H, piperazine ring), 3.89—4.15 (m, 1H, piperazine ring), 5.04 — 
5.18 (m, 1H, -N-CH-CO), 7.00-7.06 (m, 2H, aromatic), 7.21-7.28 (m, 1H, 
aromatic), 7.37-7.41 (m, 1H, aromatic), 8.25 (d, 1H, J=8.9Hz, -NH-). 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7Wn7i3) -l 

i'7>jj)l'#>m.^-?-)l'^X7-)l'<Dttt>t) K> (2 s, 3 s) -3 - [ [ [ [ (is) 
-1- [ [4- (3-^nn7x-;i/) - 1 - v^;l-] Ouutf^jv] - 3 
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■T-fr] 7<S] i3)lsy£~ ;u] t + y 7 > * ^#>Kif ;i/x^ r 

mmm 2 1 1 ra«<o*ft* L^ (2s, 3s) -3- [[[[ (is) -1- [ [ 4 - 

(3-^nD7x^) - 1 - ^77-^] ^;i/,-K-;u] - 3 
T^y] 7j;p**-;u] t + y7>AW>| (0.39 g, 67.2%) 

'HNMR (CDCls)^: 0.96 (d, 3H, J=6.6 Hz, -C-CH3), 0.99 (d, 3H, J=6.6 Hz, - 
C-CH3), 1.36-1.47 (m, 1H, -C-CH-C2), 1.64-1.80 (m, 2H, -C-CH2-C-), 3.18- 
3.36 (m, 4H, piperazine ring), 3.53 (d, 1H, J=l. 7 Hz, epoxy ring), 3.60— 

3.92 (m, 4H, piperazine ring), 3.62 (d, 1H, J=1.7 Hz, epoxy ring), 5.04— 
5.12 (m, 1H, -N-CH-CO), 5.5-6.5 (brd, 1H, -C00H), 6.77-6.82 (m, 1H, 
aromatic), 6.88-6.90 (m, 2H, aromatic), 7.17-7.23 (m, 1H, aromatic), 8.21 
(d, 1H, J=8.6 Hz, -NH-). 

2 9 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7WD7x^l/) -1 

: Z/ : 7>jj)l'tf>&^?-)i>jux"r)l'<Dit£>*0lz^ (2s, 3s) -3- [ [ [ [ (Is) 
-1- [ [4-(4-^P07x^il/) -1-^7V-J1/] - 3 -y. 

nmm 2 1 1 mmo&vp* u (2s, 3s) - 3- [ [ [ [ (i s ) - 1 - [[ 4 - ( 4 

-^nn7x-;l/) - l - tT^^ v-^] -3-*?-)l>] 7*fJl/] 7 5 

y] 7j;i/tK-;u] >ij)Utf>m. (0.33 g, 63.4%) 

'HNMR (CDCl3)5: 0.96 (d, 3H, J=6.6Hz, -C-CHs), 0.99 (d, 3H, J=6.59 Hz, 
-C-CH3), 1.36-1.47 (m, 1H, -C-CH-C2), 1.64-1.80 (m, 2H, -C-CH2-C-), 3.10- 
3.31 (m, 4H, piperazine ring), 3.54 (d, 1H, J=1.7Hz, epoxy ring), 3.58— 

3.93 (m, 4H, piperazine ring), 3.62 (d, 1H, J-1.7 Hz, epoxy ring), 5.04 — 
5.12 (m, 1H, -N-CH-CO), 4.8-6.5 (brd, 1H, -CCOH), 6.82-6.88 (m, 2H, 
aromatic), 7.21-7.26 (m, 1H, aromatic), 8.18 (d, 1H, J =8. 9 Hz, -NH-). 
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(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7WD7x^) -l 

V7>^;U*->@!?Jc^^ai^x;K^ft^«9 (2s, 3 s) - 3 - [ [ [ [ ( l s ) 
-1- [ [4-(4->h*-/7x-^) -1-^7^] - 3- 

^^^] rf-^] 7 5/] **'>7V*W>8if^x7f^^K 
^WJ2 1 tra«0»f^*L, (2s, 3s) -3- [ [ [ [ (is) -i-[[4_( 4 

5./] #;l/**^;u] t^y^^^r^ (0.49 g, 56.7%) <H#£ Q 
,'H NMR (CDCl3)5: 0.95 (d, 3H, J=6.3 Hz, -C-CHs), 0.99 (d, 3H, J=6.6 Hz, - 
C-CH3), 1.38-1.46 (m, 1H, -C-CH-C2), 1.63-1.80 (m, 2H. -C-CH2-C-), 3.05- 
3.19 (m, 4H, piperazine ring), 3.55 (d, 1H, J-1.7 Hz, epoxy ring), 3.60- 
3.90 (m, 4H, piperazine ring), 3.62 (d, 1H, J=1.7 Hz, epoxy ring), 5.06- 
5.13 (m, 1H, -N-CH-CO), 4.8-5.8 (brd, 1H, -C00H), 6.84 - 7.00, (m, 4H, 
aromatic), 8.14 (d, 1H, J=8.6 Hz, -NH-). 
^*fe^ll 3 1 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7H07i-;P) -1 
-\£^V-)V] -2-7x^] jl*JI>] 75/] 

*s5^*)\<tf>^^)VJU*?-)l«DiX-te*)\Z^ (2s, 3s) -3- [ [ [ [ (Is) 
-1- [ [4- (2 -tuny _ x _tr^9v-;l/] -2-/ 

^ifefll 2 1 t rattOlft^* U (2 s, 3 s) -3- [[[[(is) -1- [[4- 
(2-^no7x^) - 1 - tf^^y — ;u] *;UjK— ;u] - 2 -/ -t^Jt/o fcf;ix] 
7 ' y ] t + y7>AWV| (1.09 g, 89.5%) ^itfe^iLtll 

'H NMR (CDC13) S : 0.98 (d,3H, J=6.6 Hz, -C-CHs), 1.01 (d, 3H, J =6. 6 Hz, - 
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C-CH3, 2.10 (m, 1H, -CH-C2), 2.98-3.14 (m, 4H, piperazine ring), 3.64 (d, 
J=1.6 Hz, 1H, epoxy ring), 3.66 (d, 1H, J=1.6 Hz, epoxy ring), 3.68—4.01 
(m, 4H, piperazine ring), 4.98 (dd, 1H, J=8.9, 5.9 Hz, -N-CH-CO), 7.00-7.06 
(m, 2H, aromatic), 7.24 (m, 1H, aromatic), 7.39 (m, 1H, aromatic), and 8.29 
(d,lH, J=8.9, -NH). 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4 -(4 -7)V*uy -\ 

isyyjj )l>tf>M^?-)i'X.7>-T)\'<Dttt>t) tz, (2 s, 3 s) -3 - [[[[[4- 
C2-^nnj-7i^;u) - i - y - ;u] a^^K-^] 7^] ii 

(2s, 3s) -3- [ [ [ [ [4- (2-^DD7x^) -l-fc°^9v-;i/] * 
;]/#r-;P] T5y] ^l^-^] t + v7V*W>8 (1.08 g, 66.5%) 

'H NMR (CDC13) 3.02 - 3.09 (m, 4H, piperazine ring), 3.63 (m, 2H, 
piperazine ring), 3.66 (d, 1H, J-1.6 Hz, epoxy ring), 3.78 (d, 1H, J=1.6 Hz, 
epoxy ring), 3.80 (m, 2H, piperazine ring), 4.11 (dd, 1H, J=17.0, 5.4 Hz, - 
N-CH-CO) , 4.33 (dd, 1H, J-17.0, 5.4 Hz, -N-CH-CO), 6.99-7.05 (m, 2H, 
aromatic), 7.23 (m, 1H, aromatic), 7.38 (m, 1H, aromatic), and 8.67 (brd, 
1H, -NH). 

(2s, 3s) - 3 - [ [ [ [ ( Is) - 1 - [ [4 -(4 -7^D7i-*) -1 

^y>^)U^>m^^^^^)U<Ditt>y)iz, (2s, 3s) -3 - [ [ [(Is- 1 - 
[ [4- (2-^no7x-iV) - 1 xf^r?/] 
*;1/jK—;U] t^y7V*Jl^K>ixf;Ux^f^^V\ HSfefll 2 1 £ HtHolRft 
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£U (2 s, 3 s) -3 - [ [ [(ls-1- [ [4- (2-^DD7 -l- 
(0.87 g. 77.5%) fcfctelS&fc LT*§7t« 

'HNMR (CDC13) 5: 1.41 (d, 3H, J =6. 8 Hz, -C-CHs), 2.98-3.13 (m, 4H, 
piperazine ring), 3.61 (d, 1H, J=1.6 Hz, epoxy ring), 3.63 (d, 1H, J=1.6 Hz, 
epoxy ring), 3.67-3.84 (m. 3H, piperazine ring), 3.95 (m, 1H, piperazine 
ring), 5.06 (dq, 1H, J=8.4, 6.8 Hz, -N-CH-CO), 7.00-7.06 (m, 2H, aromatic), 
7.24 (m, 1H, aromatic), 7.39 (m, 1H, aromatic), and 8. 13 (d, 1H, J=8.4, - 
NH). 

mmmz a 

(2s, 3s) - 3- [ [ [ [ (Is) -1- [ [4-(4-7^D7x-^) -l 

'>7>*;i/#>KJL^;i/jt^^;K^ft*3l)H, (2s, 3s) -3- [ [ [ [ (is) 
-1- [ [4- (2-^OD7i-;i/) -l-tf^^v-;u] - 2 

J-Jls] ;u] t + y^^A^^xfjpx^f;!/^^, 

mmm 2 1 1 ratto*^* l, (2s. 3s) -3 - [ [[[ a s ) -1- [ [ 4 - 

(2 uuy^ - )V) - 1 - tf^9 v — ;w] ^7^^--^] _2->^;i/] -f+fr] 
T^y] pJ-^vt (1.07 g, 77.4%) $riM B H H tlT# 

'HNMR (CDCI3) S I 0.92 (t, 3H, J=7.3 Hz, -C-Ofe), 1.00 (d, 3H, J=6.8 Hz, - 
C-CH3), 1.22 (m, 1H, -CH-C2-), 1.54 (m, 1H, -CH-C), 1.84 (m, 1H, -CH-C), 2.97 
-3.17 (m, 4H, piperazine ring), 3.60 (d, 1H, J=1.6 Hz, epoxy ring), 3.64 
(d, 1H, J=1.6 Hz, epoxy ring), 3.65-3.79 (m, 2H, piperazine ring), 3.85- 
4.05 (m, 2H, piperazine ring), 4.98 (dd, 1H, J=9.2, 6.3 Hz, -N-CH-CO), 7.00 
—7.06 (m, 2H, aromatic), 7.24 (m, 1H, aromatic), 7.39 (m, 1H, aromatic), 
and 8.29 (d, 1H, J =9. 2, -NH). 
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(2s, 3 s) -3 - [ [ [ [ (Is) - 1 - [ [4-(4-7;^n7x-ji.) -i 
-fcf^7v^;i0 - 2 - 7^^] T^y] 

V7 >*;U**>ixf ^xxf iWftb *) (2 s, 3 s) - 3- [ [ [2- [ [4 

- (2 -9 uu-7 in;u) - l - t>7y-^] ,x^;i/) y^y] # ,p 

(2s, 3s) -3- [ [ [2 - [ [4 - (2-^do7z-^)-i-^ 7 j?^] 
xf^/] T$y] *4fS'9 85 g, 78.9%) 

'H NMR (DMS0-d6) d : 2.56 (t, 2H, J=6.9 Hz, -C-CH2-C0), 2.91-2.98 (m, 4H, 
piperazine ring), 3.35 (td, 2H, J =6. 9, 5.6 Hz, N-CH2-C), 3.49 (d, 1H, J=2.0 
Hz, epoxy ring), 3.59 (d, 1H, J-1.6 Hz, epoxy ring), 3.56-3.64 (m, 2H, 
piperazine ring), 3.80 (m, 2H, piperazine ring), 7.07 (td, 1H, J=7.9, 1.7 
Hz, aromatic), 7.15 (dd, 1H, J=7.9, 1.7 Hz, aromatic), 7.43 (dd, 1H, J=7.9, 
1.7 Hz, aromatic), 7.31 (m, 1H, aromatic), 8.40 (t, 1H, J=5.6 Hz, -NH), and 
13.50 (brd, 1H, -C00H). 
3 6 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7^*D7xx^) -1 
fin, - 2-7 r^y] 

'>9>*;W>»i^-;i/jc^-f (2 s, 3 s) - 3- [ [ [ [N-[[4 

- (2 -^uuy ^=.)v) - 1 - \£s<7¥~)v] ;u] ^ ^;u]-N-y 

*Oiftf^SrL> (2s, 3s) - 3- [ [ [ [N- [ [4- (2-^on 7 xx^) - 

•>7>*W>| (1.08 g, 74.8%) tifefeSaTftfc e 
'H NMR (CDCls) 8\ 3.01-3.10 (m, 6H, piperazine ring), 3.27 (s, 3H, - 
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NCtfe), 3.63-3.71 (m, 2H, -N-CH2-C0), 3.75 (d, 1H, J=1.9 Hz, epoxy ring), 
3.78—3.90 (m, 2H, piperazine ring), 4.02 (d, 1H, J-1.9 Hz, epoxy ring), 
6.98—7.05 (m, 2H, aromatic), 7.24 (m, 1H, aromatic), and 7.36 (m, 1H, 
aromatic). 

(2 s, 3 s) - 3 - [ [ [ [ ( Is) - 1 - [ [4 -(4 -yfrj-ayjL-)},) -l 
-t^7y-^] - 2-7 ^-fr] r<s] 

■>7 >*;u^^m^^^^^x;K7)ft;t>t9 it, (2s, 3s) - 3- [ [ (2 s) -2 
- [ [4- (2-^do7x-^) - 1 -i-tfn»; 

^- ^ v ^ > # ;l/**>$?jr.^-;i/ jr.* -f- ;l/ £>1 ^ MM®} 2 1 t |W| 
»«3jftfE*U (2s, 3s) - 3- [ [ (2s) - 2- [ [4- (2-^nn?^- 
;p) -l-t^7v^] - l - tin 'j a^jj?-^] 

>#>l/aK>Bfc (0.94 g, 7.07%) SHSfrfelSfi i: LT»fc 0 

'H NMR (CDCh) 1.94-2.11 (m, 2H, pyrrolidine ring), 2.17-2.30 (m, 2H, 
pyrrolidine ring), 3.06—3.20 (m, 4H, piperazine ring), 3.63—3.76 (m, 2H, 
piperazine ring), 3.81-3.85 (m, 5H), 4.00 (dt, 1H, J=13.7, 4.4 Hz, 
pyrrolidine ring), 4.96 (dd, 1H, J=7.8, 4.3 Hz, pyrrolidine ring), 6.97— 
7.04 (m, 2H, aromatic), 7.24 (m, 1H, aromatic), and 7.37 (m, 1H, aromatic). 
**ftfl0 3 ft 

(2s, 3s) - 3- [ [ [ [ (Is) -1- [ [4-(4-7WD7x^) -l 
-fcf^v-;!'] - 2-7x-^] T<y] 

^7^*)Vtf>m3-?-frx.X-T)l<<7)Kfrt)l l z^ (2s, 3s) - 3 - [ [ [ [ (Is) 
-1- [ [4- (2-7nD7x-^) -1-^7'^] ;u] -2-7 

^x^f^tl^, IUfe09 2 1 tra*HO»f^*L, (2s, 3s) -3 - [ [ [ [ (1 
s) -1- [ [4- (2-70D7x^) - 1 - \£s<=7 ¥ — -2 
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(D.88 g, 77.9%) *m&mikt LXntz 0 

'HNMR (CDC13) 6 1 2.05 (s, 3H, -COCHa), 2.85 (dd, 1H, J=13.9, 8.3 Hz, -C- 
CH-S), 2.96-3.16 (m, 5H), 3.69 (d, 1H, J=1.6 Hz, epoxy ring), 3.78 (d, 1H, 
J-1.6 Hz, epoxy ring), 3.71—3.89 (m, 4H, piperazine ring), 4.39 (d, 2H, 
J=8.3Hz, -S-CH2-N), 5.21 (m, 1H, -N-CH-CO), 6.97-7.02 (m, 2H, aromatic), 
7.22 (m, 1H, aromatic), 7.36 (m, 1H, aromatic), 7.80 (d, 1H, J=8.3, -NH), 
and 9.00 (brd, 1H, -NH). 
3 9 

(2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4-7WD7x^) -1 

^y^iJ^^^JL^^jLT.-T^cD^V)^, (2s, 3s) -3 - [ [ [ [ (is) 
-1- [ [4- (2-^nn7x^) -i-^^y-^j ^^-^j - 3 _^ 

nmm2 1 tmrn^mttL, (2 S , 3s) -3- [ [ [ [ a s )- 1 -[[4 

u\Z)V~\ 75/] **v^ (1.17 g, 80.7%) fctefejgji 

<h LTt#7t: 0 

'HNMR (CDC13) 1.98 (dd, 2H, J=6.9, 6.6 Hz, -CH-C-C), 2.12 (s, 3H, - 
SCHs), 2.57 (dt, 2H, J=6.9, 2.3 Hz, -C-CH2-C-S), 3.05-3.19 (m, 4H, 
piperazine ring), 3.63 (d, 1H, J-1.9 Hz, epoxy ring), 3.65 (d, 1H, J=1.9 Hz, 
epoxy ring)", 3.71—3.94 (m, 4H, piperazine ring), 5.26 (m, 1H, -N-CH-CO), 
7.00-7.06 (m, 2H, aromatic), 7.24 (m, 1H, aromatic), 7.38 (m, 1H, 
aromatic), and 8. 18 (d, 1H, J=8.6, -NH). 

ggflMBl 4 0 

(2 s, 3 s) - 3-[[[[(ls)-l-[ [4 -(4 --7)V*uy 3,-)],) -\ 
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-^7v-;H -2-7x^] T<y] *;uaK— ;u] 

->9 >^^**>^oi^^ai^-riUO-ftt? (2 s, 3 s) -3- [ [ [ [ (Is) 
-1- [ [4- (2-^od7x^;1/) - 1 - tf^9 v-;u] ;b] -3-* 

Jl/Xt'fji/} 7*n^] T^y] ->9 >#;w-K>^jr-^;ujL;*.-r;u 

fcffl^. nMM2 1 ^Mft^L> (2s, 3s) -3- [ [ [ [ (is) -1- 
[ [4- (2 -9 uuy *.=.)),) - 1 - v-;i/] -^-a^,^ 

-Ol/] -fu^fr] T<y] t4y7>*^**>H(0.H g, 74.5%) * 

'HNMR (CDCla) S: 1.85 (brd, 2H, -Mfc), 2.14 (m, 1H, -C -CH-C-C0-), 2.36 
-2.53 (m, 3H, -CH-CH2-C-CO-) , 2.89-3.06 (in, 4H, piperazine ring), 3.57- 
3.79 (m, 6H, piperazine and epoxy ring), 5.02 (m, 1H, -N-CH-CO), 6.96—7.02 
(m, 2H, aromatic), 7.21 (m, 1H, aromatic), 7.37 (m, 1H, aromatic), and 7.88 
(brd, 1H, -NH). 
gttfll 4 1 

(2 s, 3 s) - 3 - [ [ [ [ ( Is) - 1 - [ [4-(4-7WD7xi^) -1 
-fc?^v^;i/] -2-7 T^7] ij^=.)V\ ^-^ 

*>9>*^#VifcJc^;i/i^f-;i/Oft*>«)tC x (2s,3s) - 3- [ [ [ (Is) -1- 
[ [4-(4-7;i/tn7x-;i/) -l-tf^^v-^] jj )Vt£=l)V] - 1 - v ^ □ 

00 2 1 £ HtfcOifcffcfc U (2s, 3s) - 3 - [ [ [ (Is) - 1 - [ [ 4 - ( 4 - 7 
n 7 ji^-;^) -l-fcf^v — ^] - 1 - n^?>^;i/] 7<y] * 

**v^ v*;!/**^ (0.52 g, 55.6%) SrSSfeftai: LT»fc 0 
'H NMR (DMSO-de) S I 1.61 (m, 4H, cyclopentyl), 1.87 (m, 2H, cyclopentyl) , 
2.22 (m, 2H, cyclopentyl), 2.97 (m, 4H, piperazine), 3.45 (d, 1H, J=1.6 Hz, 
epoxy ring), 3.58 (d, 1H, J=2. 1 Hz, epoxy ring), 3.60 (m, 4H, piperazine 
ring), 6.95-7.20 (m, 4H, aromatic), 8.89 (s, 1H, -NH) and 13.4 (brd, 1H, - 
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C00H). 

2 

?ffiM2 6-C&htLt: (2 s, 3s) - 3- [ [ [ [ (Is) -1- [ [4-(4-* 
.x — ;u) - l - v — — 3 _ ^ ^.^j -/^ 

T^y] ^*v^ >2/;i/zR>^ (0.935 g, 2 mmol) <75v^ony^> 

(15 ml) o-^>-»HKD#y;l/7r/ (0.638 g, 4.0 mmol) tN->f 

^^*'J> (0.405 g, 4.0 mmol) SriJOx. £ *b K v v * *>;u* -f < K 

(0.619 g, 3.0mmol) ^dd^> (5 ml) tK<^T> STFLfco 

■C2 4^W«H$Lfe^ *fffi»*it*U ^dd^> (20 ml) U ft ft 

^S|j^y , J*^^nvh/7 7^-C#L/; 0 Hl?xf;i/:^ty (2 : 1) T 
»WU (2s, 3s) -3- [ [ [ [ (Is) -1- [ [4-(4->f^7x;H 
- 1 - ;u] -3-^^;l/] fT-fr] T5y] * ;P 

aJf-;U] t^y7>*;Kf>^Vyi^ + v7^ K (0.86 g, 75.1%) *%tz<> 

'HNMR (CDC 13) 8: 0.84 (d, 3H, J=6.2 Hz, -C-CH3), 0.91 (d, 3H, J =6. 5 Hz, - 
C-Ofe). 1.23-1.31 (m, 1H, -C-CH2-C), 1.36-1.58 (m, 2H, -C-CH-C, -C-CH-C2), 
2.43 (s, 3H, -ph-CH3), 2.72-2.86 (m, 2H, piperazine ring), 3.14-3.27 (m, 
2H, piperazine ring), 3.31—3.51 (m, 2H, piperazine ring), 3.40 (d, 1H, 
J-1.4 Hz, epoxy ring), 3.43 (d, 1H, J=l. 7 Hz, epoxy ring), 3.63 -3.74 (m, 
1H, piperazine ring), 3.84—3.98 (m, 1H, piperazine ring), 4.80—4.90 (m, 
1H, -N-CH-C0), 4.87 (s, 3H, -0-Ofe-ph), 7.30-7.40 (m, 8H, aromatic, -NH-), 
7.56-7.66 (m, 2H, aromatic), 9.05 (s, 1H, -NH-). 

attorn 4 3 

mmm4 2T%htltz (2s, 3s) -3 - [ [ [ [ (Is) - l - [ [4 -(4-* 

ij)Vy&-)V] t + y^V^J^'^V^t^yT^ F(0.57 g, 1 mmol) 
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yar^nvh^^-f-fcffrLrt:. ftKif-^-CJSHJL, (2s, 3s) -3- 
[ [ [ [ (Is) -1- [ [4-(4->f^7xi^W-^) -l-kT^7v- 

(0.18 g, 37.3%) 

'H NMR (CDC13) 5 1 0.84 (d, 3H, J=5.9 Hz, -C-CHs), 0.90 (d, 3H, J=5.9 Hz, 
-C-CH3), 1.24-1.33 (m, 1H, -C-CH2-C), 1.50-1.64 (m, 2H, -C-CH-C, -C-CH-C2), 
2.42 (s, 3Hi -ph-CH3), 2.90-3.20 (m, 4H, piperazine ring), 3.44-3.80 (m, 
3H, piperazine ring), 3.51 (s, 1H, epoxy ring), 3.68 (s, 1H, epoxy ring), 
4.56—4.66 (m, 1H, piperazine ring), 4.76-4.90 (m, 1H, -N-CH-CO), 7.33 (d, 
2H, J=7.8 Hz, aromatic), 7.62 (dd, 2H, J=7.8, 1.7 Hz, aromatic), 7.84—7.94 
(brd, 1H, -NH-) 9.80-10.40 (brd, 1H, -OH). 

smm 1 

3 0 (Dit^m 8 o m g 

7*>y> 1 7 mg 

■ ^f7'J>t7^'>->A . 3mg 

%nm 2 5 <Dit&& 5 0 m g 

?L« 1 0 0 m g 

T^-f> 3 0mg 

^fT'jVlv^y^i lOmg 
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- HitfRi 2 8 (Dit^m 2. 5 m g 

HJ * A 900mg 

r£ltffl^@7K 1 0 0 m 1 

%vm 2 5 <r>\\&m 5 0 m g 

7 0 Omg 

mti- MJ^A 500mg 

■ xfFit h'J-7A 0. 0 5mg 

ffi-fk^>-*f^3-->A 0. 0 0 5mg 
i&Mffi^Tk 100ml 



m. i&fiE. 7 1/;^-, giMffFifc, *S a jfiug, ?UB, AMUR*, 
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1. 5* (I) 




N-R 5 



(I) 



$>Z>^l*R 4 tm&Lxm*mj&LXi> X < „ R'&XVR'lim— ifclil'iot*!, 
U ttzR'tRUtm^LXm^mLXii X < , R 5 (±^ (II) 



(III) 



7V-)]/m$tzl±m%!:-£tiX^Xi>±^T$ y^TF-?) t/TL, nHO.Sfclilfc 




(II) 



S0 2 -R 7 



(III) 
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5. R 3 &£v t R t &m-itzi±m-%^xfcm. ^mttza^j^^^ ^a-rtt* 

8. (in) x^zti&m&*)i'*-)i'm<DR i tfi&m.T)\'*)ux'm&-£tix^x 
i>£^7*-)umtfzi±i?*?-)\sT< smx$>z>m*mi nn^t^no * £ »± * o *s 0 

9. m*mitm<Dit&®*fzte*<Di&*#$b&$-£ Lx<$rmLx%z>mm 0 

yn-rT--tf|5&«J 0 
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